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LAMINATED SHEET FOR MOLDING 

TECHNICAL FIELD 

The present inventian relates to a laminated sheet for molding and a production method 
thereof. 

B AC3COROUND ART 

When a colored resin molded member is produced by a conventional meCbDd, there is 
a method wherein spray coating or the like is conducted after molding (a coating method), as 
well as a method in which pigmmt is kneaded into a resin itself and the obtai ned colored resin 
is injections-molded (a coloring method). Particularly, when a design having a minor-like 
(specular) metallic luster is required, the coating method is used more 6equratly than the 
coloring method, because kneading of apigment is difficult, a pigment flow trace is easily 
formed when the coloring method is used, and so on. In the coating method, if a coating film 
is heated to form across-linking, a surface protection e^ecl can also be expected. Ifowevv, 
the use of volatile organic solvent in a coating used for the coating method is the mainstream 
procedure at present Therefore, the use of non-volatile organic solvent coating sudi as 
aqueous coating or powder coating has been proposed from the standpoint of protection of the 
operational environmental and ntmial environmoilal from volatile organic scdvents 
discharged. However, it is difficult to achieve a design having a minor-like metallic luster 
using the method at present On the other hand, a method has been introduced in which a 
colored sheet is laminated with a moldable resin supporting layer and then th^ are co-cured by 
injection molding, instead of conducting coating. Hie method makes it possible to produce a 



tesin molded m^ibef with a design having a minor-like metallic luster without the use of an 
organic solvent. 

A sheet having a design of minor-like me^llic luster sudh as an aluminum^deposited 
polyethylene teiephthalate film and a laminated sheet obtained by dry lamination of 
polypropylene film the like is known. Moxeov(^> a laminated sheet having a layer consisting 
of a cured film has been described in which the cured flhn is obtained from a coating 
comprising an acrylic emulsion which contains scale-like aluminum particles having a smooth 
surfoce. (For sample, please refer to Japanese Unexamined Patent .^yplicatton^ First 
PubKcation No. HS-1119910 

However, althou^ the surfaces of these sheets in a flat state have designs having a 
mimv-lxke metallic lustefs, the stietdiing ability of adeposited surface of the sheets is 
insufiBdent. Thmfoie, whsn mold procesaing such as a vacuum molding, in-mold molding or 
the like is applied, retention of a design having a minor-like metallic luster becomes 
insufBdent, and cracks, luster im^jularities and the like are caused. 

Moreover, a laminated sheet having a cured film obtained from an inlc> in which fine 
metal grains are dispersed in a binder resin vamish, is proposed. (For example, please refer to 
Japanese Unexamined Patent Application, First Publication No. 2002-46230.) Stretching 
ability can be improved by this method but it has tiie drawbadk that lustn of the sheet is inferior 
to luster of an aluminum-deposited film or the like. In addition, the luster is further reduced 
during vacuum molding, and luster irregularity is caused. 

An object of the present invention is to provide a laminated sheet for molding, which 
has a good minor-like metallic luster, stretching ability necessary in molding, and less 
reduction of lustn even after mdLding is conducted, and TnaintAififB a design bavinga good 
minor-like metallic luster. 



SUMMARY OF THE INVENTION 

As a result of esaminattons in onier to solve these problems^ the inventor achieved the 
present invCTtton by providing an intermediate layer made of a curable resin in a semi-oired 
state between a transparent or translucent thermoplastic aciylic resin film layer ^ rf^ a 
decorative layer having a mirror-like metallic luster. 

Specifically, the first aspect of the present invention is a laminated sheet for molding 
comprising: a film layer which comprises thermoplasdc acrylic resin wherein the film layer is 
one of transparent or translucent; an intmnediate lay» which comprises a curable resin 
including a polyisocyanate compound and an acrylic resin having hydroxyl groups, wherein 
Che curable resin is a cured material in a semi-cured state; and a decorative layer having a 
miiror^like metallic luster, which comprises a binder resin and fine metal grains obtained from 
a thin metal film; wherein the layers are laminated in the order stated* 

The second aspect of the present invoition is a production method of a laminated sheet 
for molding comprising: 

a first step wherein a curable resin including a polyi socyanate compound and an acrylic 
resin having hydroxyl groups is applied to a thermoplastic acrylic resin film which is one of 
transparent or translucent; 

a second step whierein a coating film obtained by the applicatin in the first step is 
semi-cured at a temperature of 50^C or less to form an intermediate layer in a semi-cuied state; 
and 

a third step wherein a gravure ink ioduding a hinder resin and fine metal grains 
obtained fiom a thin film is printed on the intermediate layer in a semi-cured state obtained in 
the second step to form a decorative layer wifli a mirror-like metallic luster. 
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BRIEF DESCRIPnON OF THE DRAWINGS 

Fig. 1 is a sdiCTiadc secdonal view showing an example of a laminated sheet for 
molding of the pres^ invention* 

Fig. 2 is a schematic sectional view slKiwing an ex:ample wherein an adhesive layex and 
a substrate layer are fiirther provided on the laminated sheet of Fig. 1. 

DETAILED DESCRIFTCON OP THE PREFERRED EMBODIMENTS 

A suitable example of present invention is described hereafter, but the presmt 
invention is not limited to the following examples. For example, constituents of these 
examples may also be propedy combined with each other. 

Hie present invention relates to a laminated sheet for molding having a design having 
a minor-like metallic luster, and particulaily to a laminated sheet for molding, which is usefizl 
in membeis for autcmiobile parts, architectural materials, electrical appliances and the like. 

As shown in Fig. 1, the present invention can [Mtyvide a lanunated sheet for molding 4 
wherein a transpaient or translucent thompplastic acrylic resin film layer 1, an intermediate 
layer 2 composed of a semi-cured material of a curable resin which includes a polyisocyanate 
compound and an acrylic resin having hydroxyl groiq>s, and a decorative layer 3 having a 
minor-like metallic luster and including a binder resin and fine metal grains obtained fitom a 
thin metal film are lanunated in that onier; and a production method EmtKKhments 
thereof are described below, 
(Acrylic resin film layer) 

The transparent or translucent thermoplastic aoryUc resin film used in die laminated 
sheet for molding of the present invention is a film which forms a surfiice layer of a molded 
article, and the acrylic resin film is excellent in co-curing moldability and weathor resistance. 



It is prefierable Aat the acrylic resin fOm be a mono-laymd or multilayaed film wheiein resin 
thereof has a softening point in the range of 60 to 300^C, preferably 70 to 220^0 and more 
prefierably 80 to 190^C, since molding processing using heat such as vacutixn molding or the 
like is conducted. The film may also include a colorant. 

The film tUdmess of the film layn can be pxoperly selected according to For 
example^ it may be about 50 to 300 /mi, and prefnably 70 to ISO/nn. 
(bit^rmediate layer) 

In flie laminated sheet for mnlding of the present nivention. a transparent or translucent 
themioplastic acrylic resin film is used as a surface layer fiom Ihe standpoint of ease of 
co-curing molding, sui&ce hardness and weather resistance. Therefore, when a 
high^nrightness ink for fomiing the decorative layer is directly printed or ^plied on the 
themioplastic acrylic resin fihn, the film is easily eroded by organic solvent included in the 
high-brightness inlL If the interface of the aoylic resin film and the decorative layer loses its 
- smoothness due to erosion, the orientation of fine metal grains obtained fiom a tldn metal film 
included in the decorative layer becomes non-parallel to die printing surface or coating surface, 
and the minor-like metallic luster easily deteriorates. The intermediate layer can be used for 
protecting the surface of acrylic resin film from a solvent included in the high-brightness ink 
used for forming the decorative layer, and the intermediate layer can ke^ an interface position 
with respect to the decorative layer smooth. The intermediate layer can bury fine surfoce 
irregularities of the acrylic resin fihn^ increase adhesion strength as to the ao^iic resin^ and 
unprove the smoothness of the interface with the decorative layer. A solvent included in a 
composition for forming the intermediate layer may erode the surface of the acrylic resin that 
exists at the interface of the acrylic resin film and the intennediate layer, but there is no 
problem because the intermediate layer itself can form a sm(x>th surface for die decorative 
layer. Tlie intermediate layer used in the laminated sheet for molding of the present invention 



can be composed of a curable lesrn ma semiK^ IliCpres«DK:6 0f tbeint^mediate 

layer can improve solvent resistance of the laminated sheet against a solvent included in the 
Ugh-brighmess ink used for fbmiing the decorative lay^ Fiitth^moi6| the inteimediate layA 
is a lesin layer having crack resistance and & a substantiaUytranqiarm Thatis^the 
inteatmediate layer has heat resistance, and dne to heat resistance thereof^ cracks are 
in the intennediate layer itself and in the laminated sheet for molding during heat molding. In 
the present invention, a *'semi-ciared state^ means that the cured material in a semi^^cured state 
has a remaining unreacte^l hydroxyl groiq> and unreacted isocyanato group, and also means 
that the reaction rate of isocyanato groups induded in the polyisocyanate compound is SO to 
80%, preferably 60 to 80%, and more preferably 60 to 7S%, with respect to the reaction 
between isocyanato groups of the aforementioned polyisocyanate compound and hydroxyl 
groups of die aforementioned achylic resin having hydroxyl groups. The reaction rate can be 
determined by using an infrared spectrophotometer. 

As the curable resin in a semi-cured state used in the intermediate layer of the 
laminated sheet for molding of the present invention, a curable resin including an 
polyisocyanato CQnq>ound and an acrylic resin having hydroxyl groups can be selected from 
thestandpointof ease of controlling a cross-linking reaction^ weather resistance^ and 
adhesiveness to a transparent or translucent thexmoidastic acrylic resin Sim, and die like. 

More spedfically, it is preferable that the acrylic resin having hydroxyl groups be an 
acrylic resin whidb has a hydroxyl value <tf 10 to 100. piefimbly 40 to 100, a weight avera^ 
molecular wei{^t (a value based on polysQmme conversion) of 10,000 to 200,000, and a glass 
transition t^perature (Tg) of 70 to 120°Q and preferably 75 to IIS^C. 

Due to the hydroxyl value of 10 or more, sufGdentcross-linkingdeDsity of the 
cross-linked polymer can be achieved, and the hardness and add resistance of the polymer tend 
to be improved. Due to the hydroxyl value of 100 or less, the tbree-dimensional moldability 



tendstobeimproveiL lliepaitiGiilarlypxefi^ablefaiigpof thehydxoo^ 

Due to the weight average molecular weight of 10»000 or more, the solvent resktanoe 
of the mtermediate layer tends to be impioved. When the weight average molecular wei^t 
exceeds 200,000, leveling property (smoothness) is lowered and the hister of the decorative 
layer deteriorates. The weight average molecular wei^ is more preferably in the range of 
20,000 to 100,000. 

It is preferable that the glass transition temperature Qiereinafter, ref <^red to as Tg) of the 
acrylic resin having hydroxyl groups, which can be obtained by the Fox formula, be 70 to 
120^C. The three dimensional moldabilxty tends to be improved when T^ of the resin is 70^C 
or more. 

Wdi-known conventional methods can be used to prepare the aforementioned acrylic 
resin having hydroxyl groups. Examples of especially typical methods include a method 
wherein an ac^lic mcmomei having a hydroxyl group(s), which is mainly used, is 
oopolymerized with otho monomer, which can be selected as required and is oopolymerizable 
with the acrylic monomer. 

Specific examples of acrylic monomers having a hydroxyl group(s), which can be used 
as required U> prepare an acrylic resin used in the present invention in tihe aforementioned 
mediod, include: hydroxyalkyl estm having two to eight carbons of acrylic acid or methacrylic 
add such as 2-hydroxyethyl acrylate, 2-hydroxypropyl aci^ate, 3-hydroxypropyl acrylate, 
hydroxybutyl acr^^ate, 2-hydtmcyethyl melhaciylate, 2-hydroxypropyl methacrylate^ 
3-hydxoxypropyl methacxylate, hydroxybutyl methacsylate and the like; monoesters of a 
polyether polyol such as polyethylene glycol, polypropylene glycol, polybutylene glycol and 
the like, and an unsaturated carboxylic add such as acrylic add, methaci^c acid and the lik^ 
hydroxyalkyl vinyl ethers such as hydroxyethyl vinyl ether and die like; ally] alcohols; adducts 
of an a, B-unsaturated carboxylic add and an monoepoxy compound such as a-olefin epoxide 
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and the like; monoefliefs of a polyether polyol sudi as polyethylene glycol* polypfopylae 
glyoolt polybut3toie glycol and the lOce, and a hydrox^^graup-oontamingui^ 
moiKymer su^ as 2-hydioxyethyl acrylate, 2-hydroxyethyl methaciylate and the like; and 
adducts of glycidyl aoylate or ^ycid;^ mediaorylate and a monobasic add such as acetic add, 
prq>lonic add» p-tert-biityl benzoate, a fatty add and the like; adducts of the afi)rranentioned 
hydroxyl group-containing monomers and lactones (for example, e-ciqpxolactone, 
7-valexolactone and the like). 

Examples of the aforementioned othermonomer which can be copolymcrized with the 
aciylic monomer indude: alkyl esters or cydoalkyl esters having one to twenty two caibons of 
acrylic add or methacrylic add, such as n-propyl mefhacrylate, isopxopyl methaaylate, (n^, 
ISO- or tert-) butyl metfaacrylate, hexyl methaciylate, 2-efhylhexyl methaorylate, octyl 
methacrylate, decji methacrylate, lauryl methac^late, stearyl methacrylate, cydohexyl 
methacrylate and the like; aJkoxy '-alkyl esters having two to eighteen carbcms of acrylic add or 
methacrylic add, mc3x as methoxybutyl acrylate, medioxybutyl methaGiylate» metlioxyethyl 
aoylato, methoxyethyl methacrylate, ethoxybutyl acrylate, ethoxybutyl methacrylate and the 
like; aminoalkyl acrylates such as N,N-dimethylaminoethyl (meth)aciylate, 
N,N-diethylaminoediyl <meth)acrylate) N-t^-butylaminoetfasi (medi)acrylate« 
N,N-diethylam3nopropyl (meth)aciylate and the like; acrylamide monomers such as 
acrylamide, methacrylamide, N-methyl (metfa)acrylamide, N-ethyl (meth)accylamide, N-butyl 
(meth)acrylamide, NJI-dimediyl (meth)acrylamide and the like; unsaturated monocarboxylic 
adds such as acrylic add, methacrylic add and the like; caiboxyl group-containing monomers 
such as unsaturated dicaxboxylic adds such as maleic add, itaconic add, fumaric add, and 
mesaconic add, and anhydrides, half estra and modified compounds thraeof and the like; 
monoester compounds diester compounds obtained from glycols sudi as ethylene glycol, 
1,6-hexanediol, neopratyl glycol, and the like, and an add anhydride gioup-containing 
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unsatuxated compound such as xnaldc anhydiide, itaoonic anhydride and fhe like; gLyddy 1 
giaap-contaixiing monomeis such as glyddyl aciylate> glyddyl metfaactylate and the like; 
vinyl aiomatic compounds such as styrene, a-methyl styiene, vinyl toluene and the like; and 
ethylCTe, propylene, l-butylene^ 2-but^CTe, aGrylonitiile» vinyl acetate, vinyl diloride and the 
like. 

The acrjiic resin having hydioxyl groups can be pi^ared by using various monomers 
as described above and by using various conventional polymerizatiQn processes such as a 
solution polymerization mediod, non-aqueous dispeision polymerization method, block 
polymerization method or the like. Among these processes, a mdical polymerization method 
conducted in an oiganic solvit, which known as a solution radical polymerization method, 
is particularly recommraded because it is the most simple method. 

In the production method, the aforementioned monomer components can be reacted at 
a reaction temperature of about 60 to 1 GtfC tor about 1 to 30 hours in an organic solvent with 
a radical polymerization initiator such as an organic peroxide compound such as benzoyl 
peroxide; azo compounds such as N,N-azobisdiisobutyronitrile; a chain transfer agent audi as 
n-dode(7l m^captan; and/or the like. Examples of tihe cnganic solvent indude: arcmiatic 
hydrocarbons such as xylene and toluene; alcohols such as isqpropyl alcohol, isobutanol, and 
n-butanol; esteis such as ethyl acetate, and butyl acetate; ketones such as methyl amyl ketone; 
and ethers such as cellosolve^ butyl cellosolve, and cellosolve acetate. 

It is pieferd^le that the polyisocyanate compound, whidi is used for 
for molding of the present invention, that is, the polyisbcyanate compound(s) usable for 
forming the intermediate layer which is a curable resin in a send-cuxed state, has two or more 
isocyanate groups on the average in one molecule and a number average molecular weight (a 
value based on polystyrene conversion) of 10^000 or less, more preferably 150 to 5,000, and 
particularly preferably 2,000 or less. Li the pmait invention, 'Ibas two or more isocyanate 
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grou|>8 on the avCTge in one molecule" means that an isocyanate amipound(s) having three or 
mote isocyanate groups in one molecule (herein afia, idSnred to as a tfivalem or mid 
isocyanato compoond) can be included as a neoessaiy iso^anate compound oomponent m the 
polyisocyanato compound used, 

Specific examples of trivalent or muMvalrat isoc^ranato compounds include: alipliatic 
tnisocyanates such as 2-iso<7anatoethyl-2,6-<lii$ocyanato caproaie, l»3y5-cyclohexane 
tiiisocyanate, 2,4,6-cycl6heptane triisocyanate, 1,2,5- cydooctane tiiisocyanate and the ^e; 
and aromatic tnisocyanates such as 13»5-benzene tiiisocyanate, 2,4«6-naphthalme 
tiiisocyanate and the like; polyisocyanates having a so-called isocyanurate ring structure 
obtained by cyclic trimeiization of diisocyanate. It is prefeiable that an isocyanate 
compound(s) selected from bivalent isocyanate compounds, that is diisocyanates, be used in 
combination with the trivalent or multival^ wganic polyisocyanate €ximpound(s). 

Examples of the diisocyanates include: aliphatic diisocyanates such as hexamethylene 
diisocyanate, trimethyl hexamethylene diisocyanate^ dimeric acid diisocyanate, lysine 
diisocyanate and the like; cydic aliphatic diisocyanates such as hydipgenated xylene 
diisocyanate, c^dohexylene diisocyanate, l,34>isisocyanato methylcydohCTane, 
2-methyl-13-diisocyanato cyclohexane, 2-methyl-l^-dii60cyanato cydohexane, methylene 
bis(^dohexyliso^anate), teophorane diisocyanate and the like; and aromatic diisocyanates 
sudx as toluene diisocyanate, phenylene diisocyanate, dq>henylmethane diisocyanate, 
m-xylene diisocyanate, 4,4^-diphenylmethane diisocyanate xylylene dikocyanate, a, a, a% 
a'-tetramethyl-m-xylene diisocyanate, tetramethylxylylene diisocyanate, naphthalene 
diisocyanate and the like. 

Moreover, the trivalent or multivalent isocyanato compoimd can also be used in 
combination wifli the following compounds. For example, the trivalent or multivalent 
isocyanato compound can be used together with: a dimer or trimer of an isocyanato compound 
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whidi has two or mem vatenoes; addods and fhe like which axe made by reacting the 
isocyanato ccmipound, whidi has two or more or thxee or more V 

alooholsi low molecular weight polyester resins, water and/or the like in a condition of excess 
isocyanato groups; blocdced polyisoc^anates wherein firee isocyanato groups of an isocyanate 
compound having firee isocyanato groups are bloctod with a bloddng agent such as phenols, 
oximes, lactams, alcolM>ls, mercaptans and the like; polyisocjranates having a biuret stroctuie 
obtained by reacting water and polyisocyanates having a free isocyanato group; homopolymers 
of vinyl monomers having an isocyanato group such as 2-is€X7anato ediyl(m6th)acr^ate, 
3*isopiopenyl-a,a^dimethylbenzyl isocyanate or (meth)aciylo^ isocyanate; or various vinyl 
copolymers such as isocyanato group-containing acrylic copolymer vinyl ester copolymers, 
fluoroolefins copolymers and the like, which are obtained by copolymerizing the isocyanato 
group-containing vinyl monomer with acrylic monomer* vinyl ester monomer, vinyl ether 
monomer, aromatic vinyl or fluoroolefin vinyl monoma, or the like. 

As the blend ratio of the acrylic resin having hydroxyl groups to the polyisocyanate 
compomid used for the intermediate layer, which is a curable resin in a semi-cured state 
included in the laminated sheet for molding of the present invention, it is preferable tibat 
isocyanato groups included in the polyisocyanate compound be in the range of 0.1 to 1.0 
equival^ per 1 equivalent of hydroxyl groups included in the acrylic resin having hydroxyl 
groups from the stand point of the balance of various properties, and more pi^eferably in the 
range of 0*1 to 0.6 equivalent B is preferable fliat the thidmess of the mtCTiediate layer be 0*1 
to 10 /nn, and more preferably 0.5 to 5 fun. 

When a curable resin including the afomnenticmed acarylic resin having hydroxyl 
groups and a polyisocyanate compound is reacted to be cured, a curing catalyst can be included 
if necessary. Examples of representative curing catalysts include: various amine compounds 
sudi as N-methylmorpholine, pyridine, l,8-diazabiGyclo[5,4^0]undecene-7 (DBU), 
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l,5-diazahicyclo[43>0]ncmene-5 (DBN), l,4-diazabiC3rdo[2,2^]cictane (DABCO), 
tri-n-butylamine or dimeOiylbnzylaimiie^ butylaxii]iie» octylamine, monoethanolamine^ 
diethanolamine, triethanolamiQe, imidazole, l^^methylimidazole, 2,4-diinethyliiziidazole, 
1,4-dicfhylimidazole, 3-amixiopropyl trimcthoxysilaiie, 3«aminopiopyl tziethos^ilane^ 
3-(N-phenyl)amiiiopiopyl trimethoxysilaiie, 3-(2-aminoethyl)aiiinioprop)d trixnethcncysilane, 
3-(2-ainiiioethyl)ammopropylinethyl dimethoxysilanc and the like; so-called quatemary 
ammomuin salts such as tetramethyl ammOTiinTn salts, telzabutyl ammcniium salts, 
trimethyl(2-hydnixyprc^yl) anunonium salts, cydohnyltrimethyl ammonium salts/ 
tetrakis(hydroxylmethyl) ammoimmi salts, dilauryldxmethyl ammonium salts, trioctylmethyl 
ammonium salts, o-tiifiuoromethylphenyitrimethyl ammonium salts, wherein examples of 
typical oounter ions thereof can incdude chloride, bromide, caibcHE^ate, hydroxide and the like; 
and various oiganometallic compoimds such as dibutyltin dilaurate, dibutyltin acetate, lead 
dioct^ate, cobalt naphth^iate and the like. M oieovert tibie intemaiediate layer may include a 
colorant for imparting a design* 

Pigment can be preferably employed as a colorant used in the inteimediate layra. The 
employable pigments are not especially Ihnired, and well-known pigments such as coloring 
pigmrats, metallic pigments, interfuCTce color pigments, fluarescent pigineots» extender 
pigment and the like can be used. Examples coloring pigments include; organic pigments 
such as quinacridone type pigments such as quinacridone red and the like; azo type pigments 
such as pigment red and die like; phthalocyanine type pigments sudi as phthalocyanine green 
and the like; pcrylene type pigments such as perylene red and the like; and inoi^ganic pigments 
such as titanium oxide» catbon black and the like. Examples of metallic pigments include 
aluminum powder, nidcel powder, copper powder, brass powd^, chrome powd^ and the like. 

Examples of interference color pigments include pearl mica powdn having a nacreous 
Itister, colored nacareous peari mica powder having a nacreous lustw and the like. Examples of 



13 

fluoiesceiit pigmeiits indiidd synthetic resin solid solution type pigments, in wbich fluorescent 
dye sudi as basic ydlow, ifaodamine B and the like is included in melamine resin or tfie like in 
a solid-solute state. Examples of extender pigment include inorganic pigments such as barium 
sul&te« calcium caibonate and the like. Ibe pigment can be directly added as it is, or can be 
added in a conventional state of colorants used for plastic> such as in a ficnm of oolor 
compoimdsy concentrated master batch, powder colorants, granular colorants, liquid colorants 
or the like* 

These pigments may be used alone, or in combination of two or more. 

If required, in order to prevent the occurrence of cracks at the time of stretching, the 
intemiediate layer used in the laminated sheet for molding of the present invention may 
comprbe one or more kinds of thermoplastic resins, sudi as polypippyl^ie, polyethylene, 
edxylrae-vinyl acetate copolymer (hereinafter, referred to as EVA), polyisobutylene, 
polybutadiene, polystyrene, polycarbonate, polymethylpentene, ionmiers, 
acrylonitrile-butadiene-styrene copolymer (hereinafter, referred to as ABS), polyvinyl chloride, 
polyvinylidene chloride, achylic resins, polyvinyl alcohol, polyamide resins, polyacetals, 
polyesters, modified polyphenylene etheis, alkyd resins, silicon resins^ fluoio resins and the 
like, in so far as properties of fiie finally obtained product are not afiCected by the riesins. 

The laminated sheet for molding of the present invention can maintain a good 
mirror-like metallic luster even after molding, since the intermediate layer is adjacent to the 
decorative layer having a mirrw^like metallic luster including a binder resin and fine metal 
grains. However, if necessary, a printing ink layer including a colorant may be formed 
between the intermediate layer and the decoiative layer partly. Furthemiore, as well as a 
section between the ioiermediate layer and the decorative layer, the printing ink layer induding 
a colorant may be formed on the whole of or a part of another secticm in the laminated sheet, for 
example, the top 5ur£ace of the acrylic resin film layer, betweCT the acrylic resin film layer and 
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the intexmediate layer, between the deooiative layer and the substrate layer, or the like. 

The faitennediate layer wfaidi oomi^ises a cuxable resin in a s^Dii-Gured stale can be 
formed by a process comprising: printing or implying a curable resin on a transparent or 
translucent thermoplastic acrylic resin fifan, and s^ni-curnig the obtained coating fifan at a 
temperature of SO^C or below. For exanqde^ in the semiKniring step, the coating film is 
preferably maintained at 40 to SCfC for 3 to 4 days. Examples of usable printing or coating 
methods include: printing methods such as gravure printing, flexo graphic piinting, screen 
printing and the like; and coating methods such as a gravure coater method, a gravure reverse 
coater method, a flexo gr^hic coater method, a blanket coater method, a tollo* coaler method, 
a knife co ater method, an air knife coater method, a kiss touch coater method, a kiss touch 
reverse coater method and a comma coater method, a comma reverse coater method, a 
micrcgravure coater method and the like. 
(I>6coralive lay^) 

The decorative lay«r of the laminated sheet for molding of the present invendon can be 
formed by printing or applying a high-brightness ink; in which fine metal grains obtained frcmi 
a thin metal film is dispersed in a binder resin varnish, on the intranediate layer comprising the 
aforementioned curable resin in a semi-cured state* Gravure inks, screen inks and the like can 
be used as the high-brigjitness ixdc. It is preferable that gravure ink is used in ordn to arrange 
(orient) the fine metal grains obtained from a thin metal film imifiirmly and to arrange the 
grains in parallel each other. The content oflhe fine metal graii^ which is obtained tern a thin 
metal filin, based on iioiivolatile matter included in the iiik is in the range of 1^ 
and preferably 20 to 45% by mass* A metallic powder is conunonly used in a metallic ink. 
However, when fine metal grains obtained £rom a thin metal fihn is used in a metallic ink and 
the metallic ink is printed or affiled to form an obj ect, an excellent coated or printed object can 
be obtained since the surfoces of the fine metal grains can fiace in parallel to the surface of the 
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object, and oonsequeofly a hi^-hrightiiess Such 
high-fatightness can not be achieved by the metallic powder commonly used. 

Examples of metal usable for the fine metal grains included in the hi^i-brightness ink 
used for in the decorative layer indude, aluminum, gold, s]hrer» copptf , brass, titanium, 
chromium, nickel, tdcktl chicmie, stainless steel and the like. Said metals may be used alone, 
or in combination of two or more in a mixed state. Examples of a method for making metal 
object or the like into a thin metal film include; a v^r deposition method usable for metals 
having a low-melting point such as aluminum; a stretch method usable for metals having 
stretching ability such as gold, silver, copper and the lik^ and a sputtering method usable for 
metals which have a high melting point and do not have stretching ability. Among themi, fine 
metal grains, which are obtained fiom a vapor-deposited metal thin film, are preferably used. 
The thickness of the fine metal grains, which are obtained fiom a m etal thin film, is preferably 
0.01 to 0*1 /mi, more preferably 0.02 to 0.08 ^mi, and even more prefmably 0*02 to 0.045 fdm. 
The diameter of the fine metal grains whidhis diq)eised inthe ink, is prdEerably 5 to 25 /mi, 
and more preferably 10 to 15 /mi. If the grain diameter is less tiian 5 /on, the brightness of the 
coating film becomes insufiBciCTt, and if the grain diameter is gireater than 25 /mi« it is difficult 
for the fine metal grains to orient in parallel, and tben&fore the brightness thereof is reduced, 
and dogging tends to be caused in a plate when ink is printed or ^lied by the gravure method 
or screen printing method The diameter of the fine metal grains can be measured by the 
coulti^ counter method, microscopic observation method, laser difGraction method or the like, 
and the avoage size of the flat sur&ce part of the fine metal grains is provided as the grain 
diameter. 

Hereinafter, an »ample of a method of preparing a thin metal film and fine metal 
grains obtained fiom the film is described by using an especially preferable vqior deposition 
method. A polyolefin film, a polyestn film or the like can be used as support film for 
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depositing a metaL After a peeling layer is ptovided on the Sttppoitfi^ 
deposited on the peeUng layer to have a pred^teiminedtfaiG^^ Then^ a topcoat layer can be 
provided on the deposition fihn surface by ^plication in order to prevent oxidation of the 
deposition fOm. The same c»ating agent can foe used for the fonnation of the peeling layer and 
the top coat layff. 

Resins used in the peeling layer and flie top coat layer are not espedaUy limited 
Specific eaKamples of the resins include cellulose derivatives, acrylic re^ns, vinyl resins, 
polyamides, polyesters, EVA resins, chlorinated polypropylenes, chlorinated EVA resins, 
petroleum resins and the like. Examples of solvents usable for the resin include: aromatic 
hydrocarbons such as toluene, xylene and the like; aliphatic or alicycUc hydrocarbons such as 
n-hexane, cycJohexane and the like; estras such as ethyl acetate, propyl acetate and die like; 
alcohols such as methanol, ethanoU isopropyl aloc^l and the like; ketones such as acetone, 
meth)^ ethyl ketone and the tike; and alkylene glycol monoalkyl ether such as ethylene glycol 
mcmoeth^ ether, propylene glycol monomethyl edier and the like* 

The above metal deposition film is immersed in a solvent, which can disscdve the 
peeling layer and the top coat layer, and tbesi Stirling is conducted to peel the metal deposition 
fifan from the siqiport fihn. Then, it is further stirred to make fine metal grains having a 
diameter of about 5 to 25 /mi, pr6fend>ly 10 to 15 from the tfiin metal deposition film, and 
then filtration and drying are conducted* The solvent is not espedaUy limited except that it 
must be a solvent whidi can dissolve the resins used in ttie peeling layer and the top coat layer » 
When the metal thin film is prepared by a sputteriz^ method, fine metal gcaios obtained from 
the thin film can be obtained similar to the method described above. When a metal foil is used, 
the metal foil itself can be pulverized in a solvent 1^ using a stirring sq)paratus to fomi girains 
having a predetermined size. 

Ihe fine metal grains obtained from a thin metal film are preferably surface-treated to 
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increase dispezsibilt^ thereof in ink. Bxamplesof soifiaoe-tieating agents include: oiganic 
fiitty acids socfa as stearic add, oleic add, pafanitic add and the like; and oeUidose derivatives 
such as nitrocellulose, cellulose acetate propionate, cellulose acetate butyrate and ethyl 
cellulose, and metbylsilyl isocyanate. 

As a binder resin CTiployed in the decorative layer, resins used for conventional 
gravuxe ink, flexo gr^hic ink, screen ink or lesins commonly employed in coatings can be 
used. Specific examples of binder resin preferably used for coatings indude: acrylic resin, 
vinyl diloride resin, vinylidene chloride resin, vinyl chloride-vinyl acetate lesin, 
ethyloie-vinyl acetate resin, polyolefin resin* chlorinated olefin resin, ethylene-ac^lic resin, 
polyurethane resin, polyamide resin, urea resin, epoxy resin, polyester resin, petroleum resin, 
cdlulose derivative resin and the like. Moreover, resins, in^^^ch a polar group sudi as 
caxboxyl group, phosphoric acid group, sulfamic add group, amino group, quaternary 
ammonium salt group or the like is chemically combined th^ein, may be used alone or in 
combination with other resins. 

If necessary, various additives whidi can be enqiloyed in conventional gravure ink, 
flexo graphic ink, screen inlc, coatings or the like can be induded in the high-brigjbtness ink 
used for the decorative layer, in order to provide antifomiing properties, sedimentation 
preventing properties, pigment dispersing properties, fluidity modification, blocking inhibiting 
properties, antistatic properties, oxidation inhibiting property, photo stabili^, UV absorption, 
internal ooss-linking and/or the Uke, in so for as the design and stretching ability are not 
inliibited by the additives. Exanq>les of add&fves indude coloring pigments, dyes, waxes, 
plastidzers, leveling agents, surfactants, dispexsants, antifoaming agents, dielating agents, 
polyisocyanates and the like. 

The film tMdmess of the decorative layer can be determined as required Thethickness 
is pr^erably O.OS to 3 /on, more preferably 0.5 to 2;an, and even more preferably 1 to 2 fim. 
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The higMnighlness ink usable in the deooiative layer is a solvesit type ink. 
WeD^known amventional solvents wfaidi can be raiployed in conventioc^ gravure ink, flexo 
graphic ink, screen ink, coatings and the like can be used for the ink. Specific examples of 
solvents include: aromatic hydrocaitx)ns such as toluene^ xylrae and the like; aliphatic or 
alicylic hydrocarbons sudi as n-hexane^ cyclohexane and the like; estos such as ethyl acetate^ 
propyl acetate and the like; alcohols such as methanol, etfaanol, isopropyl alcohol and the like; 
ketones such as acetone, metibiyl ethyl ketone; and alkylene glycol manoallsy] ethers such as 
ethylene glycol mmioethyl ethor, propylene glycol monomethyl ether and the like. 

The grain diameter of the fine metal grains, which are blended into a high-brightness 
ink used for the decorative layer of the laminated sheet for molding of the presCTt invention, is 
preferably 5 to 25 /on, and more piefi»ably 10 to IS /on. When kneading using a roller xnill or 
the like is conducted, the fine metal grains obtained fiom a diin film become very fine particles, 
and the metallic luster deteriorates ejctremriy. Accordingly, kneading is not conducted in the 
present invention, and raw materials comprising the aforonentioned binder resiii, the fine 
metal grains obtained fiom a tUn film and Hie solvent can be simply mixed with a mixer to 
fosmanink. 
(Substrate layer) 

The laminated sheet for molding of the present invention may include a substrate lay » 
which comprises a thermoplastic lesin, such that the substrate layer is provided on one surface 
of the decorative layer, wherein an intermediate lay v is provided on the other surfBbce thereof* 

A sheet which includes thermoplastic lesin as a main componmt can be used for die 
substrate layer, since a molding process using heat such as vacuum molding or the like is 
conducted Ntoeover, when a laminated sheet for molding obtained aftn vacuuming 
further subj ected to irtj ection molding, it is preferable that a thermoplastic resin substrate sheet 
be selected so that the sheet can have good adhesiveness with a resin used in injecticm molding. 
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For these xeasons, examples of resins :usable for the sabstrate layer inchide: genexal 
purpose lesins such as aoylonitzile/butadieiifi/styieiie resins (ABS), acryloiiittrile/aorylic 
rubber/styrene resins (AAS), acr^onitrile/ethylene rubba/styrene resins (AES), polyethylene 
resins (PE), polypn^ylene resins vinyl chloride resins C^* VQ and the like, and 
thermoplastic elastomras (IPE) such as olefin elastomets (TPOX vinyl chloride elastomers 
(TPVC), styrene elastomers (SBG), urethane elastomers CTPU), polyester elastomeis (TPEE), 
polyamide elastomeis (7PAE) and the like. These materials my be used alone or by mixing 
(blending) two or more, lliesabstratelayermay be a laniinated sheet obtained by extruding 
materials each having different characteristics together. The substrate layar may be 
constructed from phual layers. 
(Adhesive layer) 

Examples of a method for further laminating a aubsliate layer sdected from 
aforementioned various resin sheets on a printed or applied decorative lay^ include: a method 
wherein an adhesive te interposed as an adhesive li^r S betwe« an decorative layer 3 and a 
substrate layer 6 as shown in Fig. 2; and a method viierein an adhesive is not interposed, 
Examples of preferable adhesives include dry laminate adhesivei wet laminate adhesive, heat 
seal adhesive^ hot melt adhesive and the like. A thermal lairiinate which does not use a specific 
adhesive layer can also be used hi such case, a lesin which shows adhesiveness in a range 
from ordinary temperatuies to about 60^C may be used as a binder lesin for the decorative 
layer- 

A layer having stickiness can be provided in place of the adhesive layer. Examples of 
agents for providing stickiness include: acrylic type ag^t, rubber type agent polyalkyl silicon 
type ag»t, urethane type ag^ arid polyester type agent arid the like. 
(Printing or applying method) 

Examples of printing and flying methods for the decorative layer and for providing 
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an adhesive usable for the laminated sheet for molding of the pxesott invention include: 
printing methods such as gravure printing, flexo gr^>hic printing, screen priotmg and the like; 
and applying methods such as a gravuxe coater method, a gravure reverse coater method, a 
flexo gn|>hic ooater method, a blanket coater method, a roll^ coater method, a knife coater 
mediod, an air knife coat^ mediod, a kiss touch coater method, a kiss touch reverse coata 
method and a comma coater method, a conuna reveise coater method, a microgravure coater 
method and the like. 
(Other) 

In the laminated sheet for molding of the piesrat invention, one or more top coat layers, 
winch are transpamit, translucent, and/or colored clear layer, can be provided on the laminarcd 
sheet at a surface side of a molded inoduct (on a surfoce side of the acrylic resin film layer), in 
order to impart properties such as excellent design, friction resistance, scratch resistance, 
weather resistance, contamination resistance, water resistance^ chemical resistance and heat 
resistance and the like. Examples of top coat agents to be used for forming the top coat layer 
include: lacquer type agmt, cross-linldng type agent which indude isocyanate or epoxy and ttie 
like, UV cross-linkmg type agent, and £B cross-linking type agent. 

Hie laminated sheet fidr molding of the i^esent invention can be used fior various 
molding processes as a surface layer of a molded product which can be manu&ctured by the 
molding processes* For example, an insert injection molding method can be used, wherein the 
laminated sheet for molding of the present invention is placed audi that the transparent or 
translucent thermoplastic acrylic resin fihn thereof is positioned on the upper side, and then the 
laminated sheet is made into a pxeliminaiy molded article having a three-dimensional shape by 
a method of heat molding, and then the preliminary molded article obtained Is inserted into an 
injecdonmoldmgm^ die to be integrated with an injected reshL Moreover, it can also be 
used for an in-mold injection molding process wherein a laminated sheet for molding of the 
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present inventkm, which miiiitfaiiis a sheet diq)e, is inserted into an fiotjection molding 
die and then integrated with an injected lesin in a metal die. Due to excellent stretching ability 
of the laminated sheet for molding of the present inventioii, excellent design, that is mixior^like ' 
metallic lusier, can be kept even in a portion where it is stietdied to a high degree. 

In the present invention, the stretching ability is evaluated as followed fiom a 
standpoint of crack resistance. The crack resistance can be determined based on cracks 
occurring in the Sheet after molding. At fiist, the mold piocessing is conducted at a 
t»iq>eratur6 hi^er than the softening point of materials included in a laminated sheet for 
molding (for example, sheet temperature: about 100 to 170^, Subsequently, the thickness of 
the laminated sheet for molding is measured, and wiiether or not cracks ^dst is visually 
determined at a section having 1/2 thickness based on the thickness befoire tiie mold processiqg 
(a section where the surface area is stretched to have twice its original aiea, called a 200% 
stretched part). A case where crac^ occur is represented as ^x", a case where no cracks occur 

represented as ''O", and a case whoe cncks cannot be visually fbundbut fine cracks are 
found if it is observed under a microscope with a magnification of 200 to 500 times is 
represented as ^ A Regarding the laminated sheet for molding of the present invention, a state 
of O " to A where no czacks occur at the macacosoopic level in a 200% stretched part is 
considered acceptable. Similariy, the luster is measured and cracks are visually checked for 
after stretching, in a section of a 130% stretched part where the thidmess becomes 1/13 tunes, 
that is, the surface area becomes 13 times die original area, and in a section of a 150% 
stretched part where the thickness becomes 1/1.5 times, that is, the surface area becomes U 
times the original area. 

In the present invention, the variation of brightness of a stretched sheet is evaluated as 
a change rate of sur&ce luster value determined by using a gloss meten 
MIRROR-TRI-GLOSS (manufoctured by BYK-Gardner Corporation) under conditions of 
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TXfCjTSfC^ whmein measurement is condncted from the side of a tnmsparent Of tran&hj cent 
th^mioplastic accylic xesin film of the sheet 

CZhange rate of sur&oe luster value = (luster value of nonrstretched part - lust« value of 
stretched part) -s- (luster value of non-stretched part) x 100 (%) 

Ln the piesent invention, it is preferable that tiie change rate of sui&ce lustnbe 30% or 
less, and more preferably 25% or less, with respect to the 130% stretched part, 150% stretched 
part and 200% stretcher part of the laminated sheet. 

The mold processing is conducted by vacuum molding tmder conditions of sheet 
temperature of 1 5S"C and metal die tCTipeiatuie of 60 to fSKfC using a test metal die having a 
trapezoidal shape, wiiich has a square top surftce having 5 cm sides, a bottom square surface 
havix^ 7 cm sides, and side surfeces haviog 2 cm sides, such that sheet holding position is 
dbanged so that the area of a sheet provided on the top surfoce is stietdied to 130%, 150% or 
200% size. 
Examples 

Hie piesent invention is specifically described by using examples below, but it is not 
restricted to these examples. Hie terms ^paits^ and ^%'* in the exan^>les repxesent 'Mparts by 
mass" and "% by mass". 

(1) Fine grains obtained firai an aluminum tiiin film 

A nitrocellulose (EIIG7) was dissolved in a mixed solvent (ethyl acetate : isopropyl 
alcohol = 6:4) to prepare a 6% solution. The solution was applied on a polyester film by using 
a gmvure cylinder having a screen line nuxid^er of 175 (lines^ 

form a peeling layer. Afier the layer was completely dried, gluwiimiin ^^^as vapor deposited on 
the peeling layer so that the thickness of aluminum became 0.04 ;mi. Then^ a nitrocellulose 
solution which was the same as those used in the peeling layer was applied under the same 
conditions to form a top coat layer on the deposited suiface. 
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The aforemoitifiiied deposited film was immased in a mixed scdveni (etiiyl acetate : 
isoinopyl aloobol - 6:4) to peel off the alumiimm deposited fiPhn from the polyester fUm^ and 
then the aluminum deposited film was putveiaed by using a stixring ^jparatus so that the size 
of giains obtained from the aluminum deposited film became about 150 /an, and aluminum 
grains obtained frcm the Htm ahim^^ X?*" film was pygpiiT^^ 
(2) Slurry of aluminum fine grains obtained hem an aluminum thin fihn 



Aluminum grains obtained fiom an ahmiinum thin fflni XO parts 

Ethyl acetate 35 parts 

Methyl ethyl ketone 30 parts 

Isopropyl alcohol 30 parts 

5 parts of a nitrcx^ellulose solution having the following composition was added while mixing 

and stirring the above components* 

Nitrocellulose (HIGl/4) 25 parts 

Mixed solvent (ethyl acetate : isopiopyl alcohol - 6: 4) 75 parts 



The mixture obtained was sttaied until the size of the fine aluminum grains became 5 to 
25 /An by using a turbo mixer while keeping the temperature at 35°C or below to i^epare a 
slurry of fine aluminum grains (non-volatile matter: 10%)« 
(3) Intermediate lay» 

Synthesis example of achylic resin having hydroxyl groups used in the intermediate 
layer is given below. 

bi the example, the weight average molecular wei^t desaibed is a polystyrene 
conversion value which was obtained as a result of GPC measurement. Each solid content was 
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calgtlatftd based on mass after drying. The inass alto drying was obtaiiied such that 1 g of a 
sample provided in an alimilmim dish was spread titiinly and unifotmly widi toluene, and it was 
air-dried, and Chen die sample was further dried in a hot air diyer at 108°C fior 1 hour. The 
hydioxyl vahie thereof was calculated as a KOH neutralization amount based on the 
composition of used mcmomers. Ihe polymer Tg was measured by DSQ and the add value 
was determined using a titiation method using a sohition of 0.05 mol*dm'^ potassium 
hydroxide-toluene, 
(Synthesis »ample 1 of aoylic resin having hydroxyl groups) 

Into a reaction vessel equipped "With a temperature regulator, a nitrogen inlet tube, 
dropping devices (two) and a stirring device, 850 parts of butyl acetate and 1 part of 
PERBUTYL Z (trade name, manu&ctiBed by NOP coipoiation, t-butyl perOKybenzoate, 
''PERBUTYL" is a registered trade name of this company) were poured, and after rq>lacement 
of air in the vessel with nitrogen, the mixture was heated to llO^C over 1J5 houis. 

Sq[>arately» a solution prepared by well mbdng 660 parts of methyl methacrylate, 150 
parts of t-butyl methacrylate and 190 parts of 2-hydroxyethyl metitxacrylate (]iereix3iafter, 
referred to as a monomer solution) and a solution pr^)aied by well mixing 200 parts of isobutyl 
acetate, 9 parts of PERBXJTYL O (trade name, manufactured by NOP GorporatiOI^ t-butyl 
peroxy-2-ethyl hexanoate) and 2 parts of PERBUTYL Z (trade name, manulactured by NOP 
corporation, t-butyl peroxybenzoate) (hereinaflw, cited as a catalyst solution) were poured into 
eadi of the dropping devices, and then nitrogen replacement was conducted immediately. 

The aforementioned monomer solution and catalyst solution were dropped into the 
reaction vessel over 5 hours in a nitrogen atmosphere while the reacti<w temperature was 
monitored to ensure that it did not rise rapidly. Afterdiecompledonof dropping, stirring was 
conducted for about 15 hours to obtain a resin composition (O-l) having 60% solid content . 
Ihe weight average molecular weight of the obtained resin was 100,000, the hydroxyl value of 
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the solid was 79, and Tg was 9S^C 

Synthesis example 2 of an acrylic rasin^iiaving hydroxyl groiqis) 

Into a reaction vessel equipped with a traipeiatur ^ regulator, a nitrogen inlei tube, 
dropping devices (two) and a stiiring device, &50 parts ol butyl acetate and 1 parts of 
PERBUTYL Z (trade name, manufactured by NOF coiporation, t-*butyl peroxybenzoaCe) w^ 
poured» and after replacement of air in the vessel with nit x»gen, heated to IVfC over 1»5 hours 
while stirring. 

Separately, a solution prqiared by well mixing 6^ »0 parts of methyl methaciylate, 100 
parts of n-butyl methacrylate, 40 parts of 2-ethylhexyl m sthacrylate, 165 parts of 
2-hydr07cyethyl aciylate* 40 parts of allyl methacrylate ai id 5 parts of methaocylic acid 
(hereinafta, referred to as a monomer solution) and a solution prepared by weU mixing 200 
parts of isobut}d acetate, 11 parts of PERBUIHY O (trai le name, manufactured by NOF 
corporation, t-butyl peioxy-2-ethyUiexanoate) and 2 part i of FERBUTHY Z (trade name, 
manufactured by NOF coiporadon, t-bittyl peroxj^benzoitte) (hereinafter, cited as a catalyst 
solution) were pcHired each of the dropping devices, and then nitrogen replacement was 
conducted immediately. 

The aforementioned monomer solution and catalyst solution were dn^ped into the 
reaction vessel over 5 hours in a nitrogen atmosphere wlile the reaction temperature was 
monitored to ensure that it did not rise napidly. After the completion of dropping, stiiring was 
conducted for about 15 hours, and as a fesult, a resin coxiposition (0-2) having 51% solid 
content was obtained. Hie weight-average molecular w< ight of the obtained lesin was 16,800, 
the hydroxyl value of the solid th^eof was Z2, and w is 72®C 
(Syntheste example 3 of an acrylic resin having hydroxy 1 groups) 

Into a reaction vessel equipped with a temperatune regulator, a nitrogcm inlet tube, 
dropping devices (two) and a stirring dc^doe, 800 parts c f isobutyl acetate and 1 parts of 
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PERBUTYL Z (txade name, mwirofactmed by NOF ooipontkai, t-butyl panxybenzoate) wew 
poured^ and after rcplaocmgnt of air in the vessel with nitrogen, the mixtme was heated to 
llO^C over 1 hour wlifle stinii%» 

Separately, a soluticm prq;»ared by well mixing 600 parts of methyl methaoylate, 100 
parts of n-butyl methacrylate, 295 parts bf PIACCEL FM-1 (trade name^, manufactured by 
Daicel Ch^nical Industries, ]Jtd«, lactonb modified methacrylate, *TLACCEL" is a registered 
trade name of this company) and 5 parts of methacxylicadd (hneinafter, reEeired to as a 
monomer solution) and a solution prepared by wdl mixing 185 parts of butyl acetate> 10 parts 
of PERBUTYL O (trade name, manufactured by NOF corporation, t-butyl 
peroxy-2-ethylhexanoate) and 2 parts of PERBUTYL Z (trade name, manufisictured by NOF 
corporation, t-butyl peroxybenzoate) (hereinafter, refened to as a catalyst solution) were 
charged into eadi of the dropping devices, and then nitrogen replacement was conducted 
immediately. 

The aforementioned monomer solution and catalyst solution were dropped into the 
reaction vessel over 4 hours in a nitrogen atmosphere while the reaction temperature was 
monitored to ensure that it did not rise rapidly. After the completion of dropping, stirring was 
conducted for about 16 hours, and a resin conqiosition (0-3) having 52% solid content was 
obtained. The weight-avmg^ molecular weigjtt of the obtained resin was 115»000, the 
hydroxyl value of the solid was 68, andl T^ was 55^C 
(Polyisocyanate compounds) 

"^URNOCK DN-980'' (traite niame» manufactured by £>ainippon ink and Chemicals, 
Incorporated, a polyisoqranate contain&ig an isocyanurate 

weight: 800, nonvcdatile content: 75% (solvent; ethyl acetate), number of functional groups 3, 
NCO concentration 15%, ''BURNOCKT' is a registered tiade name of this company) was used 
as a polyisocyanate compound (N-1). 



i 
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"^URNOCK DN-981 (trade name, mmnfifictmed by DainqipQiL htk and Oiemicals, 
locoipoxated, a polyisocyanate ccmtaiziiiig an raocyanurate ting, number avorage molecular 
weight: about 1,000, non-volatile content: 75% (solvent: ethyl acetate), number of fimctional 
groups 3, NCO oonoratration 13 to 14%) was used as a polyisocyanate compound (N-2). 

A solution for fbmung an intexmediate layet was prepared by blending the above 
acrylic resin having hydioxyl groups (0-1 to 3) and polyisocyanate compounds (N-1 to 2) at a 
predetemiined ratio and then mixing. 

(4) lok 

(Preparation example of ink) 

Slurry of fine aluminum grains bbtained finom an aluminum thin film (non-volatile 

content: 10%) 30 parts 

Binder resin: vinyl chloride containing caiboxylic acid -vinyl acetate resin 3 parts 
C^INYLITE VMCET' manufafetuted by Union Caitnde Coipoiation (UCX:)) 
Uietiiaiie resin 8 parts 

("POLYURETHANE 2593" manuCBctoed by Axakawa CSiemical Industries, Ltd. nonvolatile 

contest: 32%) 

Ethyl acetate 23 parts 

Methyl ethyl ketone 26 parts 

Isoinopanol 10 parts 

The above materials w^e mixed to prepare an ink B-1 in which the concentrati 
fine aluminum grains included in non-volatae content was 35% by mass. 

(5) Adfaesive 

(Preparation example of adhesive) 

A two liquid type adhesive D-1 h^niqmsing 100 parts of an aromatic polyether uretbane 
resin (DICDRY AS-IOGA, manufactured by Dainippon Ink and Chemicals, bcaporated» and 
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^ICDRV fa a registered trade name dfthfeooin^ 

an epoxy (LR-100, manufitctored by Dainippon Ink and Qmnicals, Incorpoiatod) as a curing 
ag^t was obtained. 

A lubber modified PMMA film IChCTemafler, ref exred to as a film AX which was 
transparent and had a suifiaoe luster vahie of 150 (60^/60^ and a tin 
as a thennoplastic aaylic resin film, and an ABS film (hereinafter» referred to as a film C), 
which was opaque and had a thickness 6f 300 fim and color of gmy, was used as a substrate 
layer. 

(Examples 1 to 8, Comparative Example 1) 

Ili6 layer constitution was provided as film A/inteixne^ 
D-l/filmC An inteimediate layer was jprovided by applying a soluti 
and mixed at a ratio shown in Table 1, on a film Aby using a miotogravure coater so that a 
dried film thidaiess thereof became 2.0^ and then aging it at 40^C for 3 days. Subsequently, 
ink B-1 was applied using a gravure ooata thereon and dried to have a dried film thickness of 
2.0 Adhesive D-1 was coated therebn to have a coating weight of 5.0 g/m^ using a gravure 
coater, and it inunediately adhered to tfab film Q and the resultant laminated sheet for molding 
was aged at 40^C for 3 days. Ilien, ihetlaminated dieet for molding was mold-processed with 
a vacuum molding method* 

The reaction rate of the intemiediate layer was detemuned by using an infrared 
spectrophotometer after the scdution blended and mixed at a ratio shown in Table 1 was coated 
onto film Ato have a dry film thickness of 2.0^ and then aged at 40^C for 3 days. 

The mold-processing was conducted by using a vacuum molding method under 
conditions of sheet temperature of 1 55%^ and metal die traiperature of 60 to 80^C wherein a 
^ metal die having a ti^)ezoidal shape was used. The test metal die had a square top surEooe 
having 5 cm sides, a bottom square sui^u^e having 7 cm sides, and side surfeces having 2 cm 
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side^ and the sheet holding position was dianged so lliat the sheets 
sutface wm stretched to 130%. 150% and 200% stretched ^creased) size. 
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The meamngs of fhe abbzeviatioiis in Table 1 are shown below. 
O: aoyiic jresin having hydioxyl groups 
N: polyisocyanate 

N/O ratio: molar ratio of fionctidnal groups of polyisocyanate compound to those of 
acfylic resin having hydioxylg[oups« j 
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Table2 





Example 

: 1 


Example 
2 


Exanqple 
3 


Example 
4 


Reaction rate (%) 


. 78 


73 


73 


70 


Jjostex before motding 


290 


300 


310 


330 


After 130% stietcb 
molding 


Luster 


250 


270 


280 


290 


Change 
rate 


: 14% 


10% 


10% 


12% 


Ciaddng 


1 O 


O 


O 


O 


After 150% stietdi 
molding 


Luster 


230 


260 


270 


275 


Change 
rate 


i 21% 


13% 


13% 


17% 


Cracking 


: o 


O 


O 


O 


After 200% stretch 
molding 


Luster 


> 220 


250 


255 


260 


rate 


i 24% 


17% 


18% 


21% 


Oaddng 


O 


O 


O 


d 



Table 3 







Example 6 


Example? 


Examples 


Comparative 
Example 1 


Reaction rate 


; 65 


60 


72 


80 




Luster before molding 


f380 


400 


350 


200 


150 


Aeter 130% stretch 
molding 


Luster 


1340 


365 


320 


165 


110 


Change 
rate 


iio% 


9% 


9% 


17% 


27% 


Cracking 


; o 


O 


O 


O 


O 


After 150% stretdi 
molding 


Luster 


;330 


350 


310 


150 


95 


Qiange 
rate 


?13% 


12% 


11% 


25% 


37% 


^>gigifitig 


; O 


A 


A 


O 


O 


After 200% stretch 
molding 


Luster 


:320 


345 


300 


140 


80 


Change 
rate 


^15% 


14% 


14% 


30% 


47% 


Cracking 


- A 


A 


A 


O 


O 
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(Examples 9 to 12) 

The layer omstituticHi was piovikled as film Ayinteimediate layer/mk B-l/adhesive 
D-l/fDm C« Laxxiinated sheets for moldibg were obtained similaiiy to in Bxan^le 1 exc^t that 
an intermediate layer was applied by usmg a mioo-gravure ooater with a soludan, which was 
blended and mixed at the latio described in Example 2, to have a dried thickness shown in 
following Table 2. Subsequently, the same molding processing as example 1 was conducted 
by using a vacuum molding process. 



Table4 





Film thickness of 
intermediate 
layer (jum) 


Luster 
before 
molding 


200%Sttetcii 


Luster 


Ciangerate 
(%) 


Oiaddng 


Example 9 


OS : 

« 


250 


190 


24 


O 


Example 10 


4.0 , 


340 


300 


12 


O 


Example 11 


0.05 j 


200 


160 


20 


O 


Example 12 


10.0 i 

» 


350 


320 


9 


A 



INDUSTRlALAPPUCABILmf 

Hie lanunated sheet for molding of the present invention has an initial good minor-'like 
metallic luster, stretdiing ability neces^ury fot molding such as in a vacuum molding process 
and the like, and can maintain a good minor-lite metallic lusta with little reduction of luster. 

More specifically, the present inventiau can provide a laminated sheet for molding 
which has a good initial minor-like meialUc luster, and stretching ability necessary in molding, 
specifically the sheet has crack resistance against stretching conducted in a tbemial vacuum 
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molding piocess, and the laminated sheet can provide excellent design having a good 
minor-like metallic lusta even after molding and can provide sufiBcient surface hardness 
without a post-curing process. 
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